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1. Thie Office hes & reguirement for the development of &
mininturized hand-crani generator which cap be used for recharging
storege batteries. Several agent bettery powerved commmication
systems are under development vhich may use such 2 gemerator to great

adventage.
Cf : 2. ﬁ%;;emg for the ¢ ment of this equipuent have been
' received and cerefully sxenis +} - al and cost

guotation submitted by

' has been found acceptable. This compeny
is mi&m& well gualified to undertske this task. Your Office

pdvised that Tosk Order & under base contract ED-138 would be
\availabia for assignment to this project.

3. It is reguosted thet Tesk Order b4 be writtem to imcorporate
the stieched contractors proposal and Agency Specification No. 58-»&-1@?14.
Also sttoched iz Requisition Fo. M5B 58.539 indicating thet the allotment
to be cherged for this work is B/7995-50. Funds in the smoupt of
$78,004.19 huve been encurbered for this project. .

» b, The work to be performed under this task 1s UNCIASSIFIED,
hwwer, the wsmmtim of %m &my with the project sud the coatractor
, spified iy DI pgineer for thie teck will de
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TECENICAL PROPOSAL
for the

D "‘x"-'
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of a T

BATTERY CHARGING HANDCRANK GENERATOR, HG-3

Specification No. 58-81071-A
Dated 8 May 1958

SECTION A.

SUMMARY

It is desired to design and build a hand crank gensrator
with a regalated 15 watt output which will fit in a space &%
X 2" x 4" and weigh not wore than £ lbs.

Such a generator is feasible, and cne possidble constructien
is described in this proposal. Basically the machine outlined
herein is a two winding AC gemerator with a six pole permanent
magnet rotor, coupled to a full wave rectifier (in place of a
commutator) to convert the generated AC to the desired DC. The
output of the machine is controlled by a constant current-constant
power regulator.

' It 1s the contractor's interpretation of the specifications
that the equipment desired should be considerably sdvanced beyond
presant types. The efficiency of present, hand cranked genera-
tors, is in the neighborhood of 60%. The power source must,
deliver 25 watts to produce 15. This does not seem a desirable
situation when it is remembered that thotgresent source of power
is a human being and that he must drive this particular gemerator
for extended periods of time. Emphasis has been placed in this
proposal, therefore, on developing a machine with much greater
efficiency - say 90% efficient - to reduce ths "losd" on the
ogerator to a wore comfortable point. This will involve exten-
sive engineering study and calculatiens to realize the maximum
efficiency in the design. It will alse necessitate ingenuity

on the part of the mechanical and electrical designers.

Every element of the machine will be studied from an
efficiency standpoint. For example, it is pessible to build
the required regulator in a more or less conventional manner,
using semi-conductors. One such arrangement is described in
this proposal. However, there ias a second, more interesting
possibility, also described herein. The regulator could
include magnetic amplifier elements which would act to prevent
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excess power from being put into the machine; rather than
merely dissipating excess power as would the semi-conductor
arrangement. The magnetic amplifier device actually limits
the amount of power which the operator can deliver to the
machine. The faster he cranks, the lower ia the resisting
torque. The efficiency of the gensrator would be improved
by such a non-dissipative regulator. HNagnetic amplifiers
are larger than semi-conductors, however, and it will require
more effort to fit this type of control im;o the available
package than to fit in the conventionsl regulgor. It ¢an
be done, however, and it is effort of this typs which will
produce the desired high-efficiency machine,

Declassified in Part - Sanitized Copy Approved for Release 2012/09/11 : CIA-RDP78-03424A001400050010-2



1 g

. a machino vhi

Declassified in Part - Sanitized Cop/y /\Approved for Release 2012/09/11 : CIA-RDP78-03424A001400050010-2

AR 4] 0 . <

-3 -

A DISCUSSION OF THE SPECIFICATIONS AlD
OF THEIR FEASIBILITY UITH PROPSED SOLUTIONS

- FO) _SPECIFIC PROBLEIS

SECTION B
B=1__Gonoral Discuyssoion

It 1o deoired to produco a hand
crank goncrator uith a l5-uatt
output thich wvill fit in a gpaco
8" x g" x 27 and veigh not nmorc
than & lbs,

It sccons practical to build a gonorator vhich will moet
theose broad gpocifications. In oxlsting olectrical
sachinery a typical 1/50 HP D.C. cotor conplote vith
worn gear reduction woighs 6 lbs., and fallo into this
arca, The novel clecacnts which vould bo reoquired in this
generator wvould bo: tho noter, the reogulator, and thoe
rectifior, endneno of thoso aro large or heavy. Thoe
caco in which all of these aro wounted will, of courso,
bo a little larger thon of that of o gtandard motor but
in ony event, thig ruch powor in this siso package for
this weight doen seonm roaconablo.

It slso scema d;;ossibla for a hunon operator to drive
has a l5-tatt output for oxtended periods
of timo, particularly if offort is ocxponded to conpgincer
the dovice for maxirum possible officiency. If vo ascuno
en overall officioncy for the nmachino of, say, 755 in-
cluding nechenical and oloctrical losses, tho operator
vill do required to put approxinately 23 watts of pover
into tho nachinc (about 1/30 I1P). Actually a highor

7N rato of vork vould bo possible frooa a hunon but tho

- lover rato will, of coursc, allow for a norc or loss
cont.inuous operation ovor &n oxtendcd porioed.

Tho solution to cny cnzincoring probleca is usually a

caroful comproniso. For cxomple, in thic nachino it

vould bo nice to havoe o high rotor spoed because this

vould rcduco tho corc end coil sige. Howovor, & high rotor
spoed moang on incroasc in tho comnploxity of the drive
mochanisn. PFarthorcoro, tho ovorall officicncy of tho
naching 1¥ill bo a function of both mochznical and electrical
lospoes. Increasing the gspood nay roduco cloctrical lossos
but at tho czno tine incroaso nechanical losses in tho drive.:
Alco, increasing tho number of polos on the pornancnt
oagnet would rcduce the rotor speod, but this neoans a ro-
duction in croso-soctional arca of tho cagnetic core with

a rosultant logs of flux. All of theso and meny othor
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design factors muct be manipulated to obtain the optimum
design with maximum efficiency.

The calculations on which the rest of this proposal are
based are, because of time limitations, merely approximate,
- However, they should serve first to fndicate that thig

ob is feasible and second, to outline a possible con-

iguration. Hand crank generators of the past have ro-
gnired considerable effort end have generally been bulky.

t 15 the feeling of this laboratory that th - development
should be directed toward a compact easy working device.
Such refinement calls for considerable engineerﬁng effort
and such effort is contempdated in this proposal.

N o ot oo be 25X
7s/s™ A/av‘n("ff, V1
B=2 Power Outggt 7/ / Concerncd With G\q“t?l“; Y4 eell
@ The genorator is fo be used to re- Adce! éh;qerles,¥?7¢§L

charge 10 and cell nickel cad-

mium battories and 6-cell lead acid
batteries. This means that it shall

be capable of delivering a charging
current esgsentially constant at 1
ampere. The output voltage shall be
variable with crank speed within a
60-100 rpm. range. The ratio of peak
voltage to A.C. voltage shall be less
than 1.5 under all operatingy conditions.

It is practicable to got a l5-watt generator into an 8"
X 4% x 2% package. A sketch of one possible generator
layout is shown in Figure A. This sketeh does not show
the regulator, meter, or drive mechanism; it merely chows

(Z: the generating clements themselves. However, as will be
seen later, tho additional apparatus is not very large,
and the space not used for the generating elements should
be sufficient for the remainder of the mechanism. It
should be pointed out that the proposed generator is an
AC machine, and that its output is converted to DC
rectifiers to eliminate the wear and mechanical loss
probleme encountered with a commutator, as well as to
reduce the radiated electro-magnetic noisc.

: The generator shown in Figure A uses a high jmalityfper-
manent-mggnet material, smich as Alnico V, and approxi-
mately 500 turns of wire on cach of two stationary

- windiags. It will deliver an alternating voltage wave~
form with a peak-to-peak amplitude of 44 volts at a
crank speed of 60 rpm. and a ecorresponding higher voltage

\7
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at higher speeds. From tho generator windings, this

- voltigg is passed through a full wave silicon diode
rectifier bridge. The output of the rectifier is a
pulsating D.C. waveform with a peak~to-average ratio

- of less than 1.5. HNo further filtering, therefore, -
will be necessary. The output from tho rectifier will,
%nlturn, be fed to a regulator, which will be described
below.

The rotor for this generator is a long 6-pole permanent .
magnet. A multipole magnet is suggested to reduce the
roe ed rotor speed and thereby simplify the drive gear
me ism. Even with a 6~pole magnet, however, a gear
ratio on the order of 14 or 15 to one will be necessary
botween the crank shaft and the rotor shaft. The use of -
- lightweight plastic or ceramic magnets will be considered,
- but it does not appear as if thay would do the job in the
spaco available.

Ag mentioned above, there 15 'no commutator used in this
machine; the full wave rectifier replaces tho conventional
comrutator. This gives two distincet advantages. One,
mochanical friction and wear (and resulting locses) are
reduced: Number two, the use of a commutator distorts
. the output waveform from the generator, introducing the
high frequency components which could cause radliated
clectromagnetic noise. Replacing the commtator with a
. full wavo rectifier glves a purer sine wave outgut amd a
' corresponding decrease in radiated noise. The high
efficiency of progsent day silicon rectifiers makes
such an arrangement practical.

C B-3__Regulation.

The gencrater shall provide unregulated
power up to the 1l5-watt point, beyond
this point tho regulating device shall
act to prevent power output in excess
of rated capacity of the pmerator.

It is definitely feasible to furnish a regulator in

-the space available here. A look at Figure A shows that
some 2" x 33" x 4" of space are available beyond that. -
required by the rotating magnet, coils, core structure, -
ete. This remaining space will be occupled by a regulator,
.a moter, the rectifier, etc., The rectifior, being made
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of semie~conductors, will be ver% small; the meter can
~ be a emall sub-miniature one. Hoast of this space, then,
is available for & regulator. One possible regulator
described below uses semi-conductors and would fit easil
- into the space remaining. A second regulator, which wil
also be described, uses saturable reactor elements and
wuld be larger. However, it is definitely worth cin-
sidering becanse of the inherent advantages it glves us
and the subsequent increase in efficiency.

stem A - Figure B shows & schematic of System A4 and a
block diagram of the entire machine incorporating this
rticular reguldtor. Figure C chows an output character-
ic curve of this regulator. This system is felt to be
~ in line with the intent of the specification, and combines
<;/ a pinimum of componente with a fairly simple mode of operation.
It cperates as follows:

For output voltages up to 15 VDCm transistor #1 ia in a
non-conducting state since the 15 v. Zener diode keeps
bias resistor R; at essentially zcro potential. Transistor
#2, therefore is biased only by diode Dy, which, in turm,
is bilased sufficiently Rs %o have a gracticaily constant

. forward drop at all rectifier output voltages.. R3 1o
picked to ow transistor #2 to pass approximately one
ampere at all voltages up to 15 v. output. As the output

. voltage increases beyond 15 v. {due to a higher cranking
rate), voltage builds up on R} "turning on" transistor
#1 and causing a drop in Ry in such a direction to bias
off transistor #2. This réduces the current passed by
transistor #2 and thus gives approximately constant power

Y at voltages higher than 15 v.

For rectificr ocutput voltages considerably above 17 VDC,
the regulator output voltage will be held down by the
battery capability and,therefore, the power output curve
of the system wil{ drop off rapidly as shown in Figure
C. In such cases, transistor #2, being, in effecct, o
variable impedance, has the difference botween regulator
input and output voltages dropped across its emittor-
collector circuit, and dissipates the excess power.

The rectifier Dy acts to prohibit current feedback during
periods of operator rest. The pushbutton shown functions
to connect the dual-function meter from a normal scries-
connected position to read charging curremt to a connection
in parallel with the battery terminals, (breaking the line)
to read battery voltage.
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¥ The segulator Just deseribed would be very smell and
.§§n compact, The second possible method of regulation tw be
X7 deseribed dses a mognetic emplifier, the cutput of which
o s 4 coupled through a £ilter So a epurrent and power regu-
. ST L7 laters, THis system, which will be called System B, is
‘ S shown in block diagram snd schematic in the Figure D.

~

R

- Its output characteristic is shown in Figure B. The
/ - main purpose of the magnetic amplifier, in System B,

‘ is to maintain the D,C. voltage into the regulator at a
contstant level of approximately 17 volts for cranking
speeds which would otherwise deliver higher voltage.
Since a magnetic amplifier does not dissipate power,
this means that the mechanical watts into the generator
supplizd by the operator, stays cssentially constant
-aﬁigfaﬁking“spaeds over 60 rpme. Its operation is a8
follows:

0

C s . . . - X
The magnetic amplifier is basically sz fullewave Ramey=
type ciredit with transistor #1 acting as the control
clenent. " Dicdes Dy and iin af@wg%new‘giodeawwithwa
volbage ratving ﬁ@ﬁ%F%hﬁt for filter output voltages up
%0 17 Ve DGe, all of By and Ey is across Dy end Dz and
, - trangistor #1 iz biased "off"; that is, the noneconducting
© gtate. Therefore, no reset current flows through the
‘ satursble reactors SRy and SR» and they saturate after
y the first half eycle of generator voltage resulting in
' the voltage pattern Eq. Ourrent for voltages up to 17
¥DC is held at approximately one amp. by transistor #2,
as explained in the previous paragraphs.

For generated voltapges corvesponding to filter ocutput
voltages higher than 17 VDC, the di@d@s‘ﬁ%la&djﬁgfﬁapill
<:> over™ and allow Ry and B to bies transistor #L toa
=4 conducting state. Therefors, reset current is allowed
to flow gnd {although the amplitude of the oubtput
voltage incredses), the duty cycle is reduced. The
- net result is that the filter output wvoltsge is approxi-
matd constant. In essence, then, higher crank speesds
caust & resetting condition which prohibits incressed
power delivery. The gonstant horsepower input feature
allows the operator's average torque requirement to be
lowered when he crenks fasters This is due to the decreased

= dgﬁy‘cyﬁle o¢f the ecurrent through the generator windings.

The merits of the two regulation systems described above
depend upon the relative importance of the factors of
gize, simplicity, efficiency, and input power required,
The Lirst system is simple, might possibly be made smaller
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than the required dimensisng, but dissipates the excess
power at high cranking specds across the series transistor.
. The latter mothod matches the operator's speed to the load
automatically, allowing high efficiency at all cranking
spegtds. This requires some added complexity.

This means that this second system matches the lead of the
generator te the Youtput impedance® of the operator whether
he be large or small or prefers to crank more slowly at
higher torgques or move rapidly a€ reduced torques.

& word should be said about the use of-17 wlis as the
‘eontrol point in the regulators rather than 15 volts.

. The regulators are designed to limit the current ouvtput
to one amps up to 15 volts, and then to 1imit the power
output at. 15 watts up through 17 volts. The reasons
17 volts was chesen is that avdilable literature would
indicste thatYhickel cadmium batteries have a charging
voltage reqguirement of 1.42 vwolte per cell. As this :
generator#s designed to charge a 1l2-¢ell Ri-Cad battery,
17 volt¥ weuld be required, and these regulators are de-
signed accordingly. If desired, the: 17 wolts could be
réddeed to 15, of courss, by a change in the circuit
perameters. . ' oL

f g ’ < .
. SN ) f T . =~ - L :
‘Iéterﬁituéﬁﬁ‘ﬁ eration X % -

Ituiﬂjéﬁééifi@ﬁt%ﬁaﬁlthéhbaﬁtery
will nov discharge thyough th¥
generator when ﬁhg,ﬁ;*§§tgg is

resting. ) e N ‘

. A ."\ ’ .

It is possible td davisfy this spe

‘ ) _éiﬁi@atiﬁn‘wiﬁhﬁu%
- prolonging the actvual charging time, required.

The discharging of the battery through the generator
 ghall be prevented by the use of semi-conductor diodes

/ dhown in Figures B and D. These rectifiers have a very
/ high back resistance and a Vﬁry‘&@g‘fafward’?altaga drode.

f,“I,ﬁiﬁgtiqg of Charging Rate N

The specifications say that the

machine should include a moter with

a suitable push button so that the |
charging currvent and state of charge \
of the battery tan be ¢learly seen by
the operator.
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The only problems involved in including a meter in :

- this machine are those problems arising from restrictions
on space, However, it 1s felt that a meter can definitely
be included.

The connections of tho moter with the suitable switching ’
are shown in Figures B or D. The push button, when released,
will 4indicate magnitude of the charging current in the
battery. When pushed, the meter will be connected as a

volt meter, and the terminal voltage of the battory will

be indicated. A standard subminiature meter movement

will probably be used. .

B-6 Size

The dimensions of the machine
@ should be no more than 8" in

length, 4" in height, and 2"

in vidth '

A generator can be made in the desired sisze since

electrical machinery of this order of power has dimcne .
sions simllar to those desired. A special design will
obviously be necessary here however, particularly to

bring up the electro-mechanical afficiency from the

usual 0% to close to 90%., '

The clectrical factors affecting size -have been discussed
earlier in this report. They include, it will be remembered,
such things as the number of poles on the permanent magnet,
the speed of the rotor, the cressesectio areg of the
core, the complexity of the gear train, ctc. These factors

(::, will all have to be Jug%ied to produce the desired package.

; The rough caleculations indicato, howsver, that the thing

can be done. It wlll take a careful and thorough design
study to decide just how much space will be taken by the
various machine elements. Perhaps the only questionable
foature would be the magnetic amplifier regulator. This.
has iron core clements and it may be difficult to fit
them into the package along with the necessary generating
elements. Of course the generator itself could be re-
duced in size by driving the rotor at a higher speed,
if this doosn't result in too much complexity in the
drive mechanicm.

B-7 Welpht

The generator shall weigh no
more than & 1bs,
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This 15 possible; no weight analysis has beon made of
- - the design ouggestions made in this paper. However, a
catalog before the writer chows that a typical 1/50
HP motor weights 6 lbs.,, complete with a bulky-looking
- worm gear reduction. e machine we are contemplating
vould have additional weight in the form of a small
meter, the regulator, end the rectifier. Tho moter
and the rectifier are both very lightwelight,and the
regulator can be light if nocessary by using System A,
(the gemi-conductor systam). If space and weight permits
the regulator would dbe mado a little heavier by the usc
of mapnetic amplifiers, but even this should not increase
the sreight 2 lbs. over that of the standard motor. The
8 1bs. definitely scems to be feasible,

B-8 Drive Mechanism

The hend crank must be coupled to
the rotor through suitable gearing
50 that the operator needs to tum
the crank only at the relatively
slow speed of 60 to 100 rpm.

It is feasible to connect the rotor to the hand crank
with gearing which will be simplc enough to fit into

; the space available. The final configuration of the
drive mochanism, as has been mentioned earlier, will
depend to a large extent on the rotor speed. The higher
the speed, the more complox the drive. It is hoped that
the speed of the rotor and the drive comploxity can be
kept down to reduce mechanical losses in the gearing
and the bulk of the gear train.

Y . .

C;' The drive mechanisn must be rugged, have long lifo, be
noise-free, be compact and efficient. If the required
gear ratio is on the order of l4:1, as suggested earlier,
this mechanism might be a simple spur gear train. How-
ever, if a much highor ratio becomes desirable, such
things as planetary gears or spiroid gears wili have to
be considered. It is hoped that these can be avoided
because of the inherent mechanical losses.

Cur work with a exall hand driven pump for another
cliont would indicate that a very short radius crank
is quite comfortable for prolonged operation; moro
comfortable, in fact, than a crank so that the
entire am ﬁas to move. A purc wrist notion seems to
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be less tiring than an arm motion. If a wrist motion
crank is adopted, it might be possible to mount the
crank handle on the g:;iphery of a 3" or 4" digmeter
gear and use the crank dle as the first gear in the
reduction train. As the cross-section of the end of
the generator is only 2" x 4", this 4" diameter gear
would have to be removable and wmounted on the side of
the generator for storage and carrying.

B-9 _HRadiated Noiss

Electro-magnetic noise radiation
shall be kept to a minimm. The
device shsll be undetectable at
a distance of 10 feet by a radio
receiver with a 10 microvolts
sensitivity at a .5 to 30. mega-~
cycles frsquency ceverage.

ggis requirament iz practical for reasons described
ow,

Radlated noise should be very low with the device des~
cribed above. Essantlally we have an A.C. permancut
magnetic generator producing a low frequency sine wave.
No coomutators or brushes are to be used but rather

the A.C. will bo rectified to produce the desired D.C.
The out will be a low frequency rectified sine wave,
The lack of high frequency harmonics in such a low
frequency sine wave will all but ecliminate radiated
noise. This would mot be the case if commutators

were used in the machine as the making and breaking of
circuits distorts the sine wave ocutput, thereby generating
high frequency harmonica which are more readily radiated
than are the lowsr frequencies, (Incidentallg, 1t will
not be possible to generate 2 pure sine wave here as
this would give a peak to average ratio grester than
1.5. The smount of digtortion necessary to give the
corract ratio is alight.)

B-10 Aconstic Noise

Acoustic noise produced the

generator shall be less a

sound level of 50 db. as meas-

ured with & sound level meter

with 40 db. weighting in & room

having an ambient noisze level
. of not more than 40 db. The
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' neasurements shall be made at
- a distance of 3 feet from the
top front edge of the gencra=
tor (10-16 acoustic watts per

- square centimeter shall be taken
as the 0 db. reference level).

There seem to be no good reasons why a generator can't
be made which will satisfy these requirements,

The nain sources of acoustic noise will be the rotor
bearings and the drive mechanism. Once again, tho
use of a multi-polar permanent magnet will rednce the
8peed of the rotor and therefore the complexity of the
drive. Reducing the number and complexity of parts

N\ here, in turn, will reduce the noise. It is not felt
e that shock mountings will be'nccessargebut care will,
of course, havo to be taken with the bearings and general

frame construction to insure quiet operation.
B-11 Tcmperature Rise During Operation

Prolonged operation of the generator
should not produce temperatures which
. would injure components of the machine.

This specification is dofinitely feasible,

High temperature rise would indicate a low efficiency in
the machine. It is felt that tho machine can be made
quite. efficient by correct clectrical and mechanical
design. Furthermore, components which would be easily

(:} damaged by high temperatures will be avoided wherever
possible. There should, as a result, be little danger
of tempeorature damage.

B-12 Mounting _
It should be possible to mount the

machine on such possible bases as
a tree, table, post or body. °

There is no reason why a clamp can't bo devised which )
would fasten to a flat or round object.

Declassified in Part - Sanitized Copy Approved for Release 2012/09/11 : CIA-RDP78-03424A001400050010-2



Declassified in Part - Sanitized Copy Approved for Release 2012/09/11 : CIA-RDP78-03424A001400050010-2
[ . PN

NS ~

-13-

PERSONNEL ARD FACILITIES
SECTION C

This laboratory has the facilities and personnel
necessary to undertake a project of this sort. We have an
electronics group, a mechanical design group, & very well
equipped test laboratory, a large model shop, and facilities
for job-lot preduction of complicated mechanisms. Our
personnel has had formal training and experience in a wide
variety of disciplines. Although our work has been in a
number of fields ,gerhaps the major emphasis has been on
electromachanicai ardware for military applications. Chief
among these has been our work for guided missile applications

;o where lightweight, compactness, and high reliability ars
s esgential.

PN
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- rotating electrifal machinery. Our vice president, ir

)
— .o ) . -

SECTION B

hag done 4 good desl of work with

owned and operated a small company devoted to the @@mi}m@tﬁﬁﬁc
and repair of electrical motors, génerators, ete. hefore
Joining the Laboratory. His interest in these devices has
continueds. Our electronics department and séveral of our
mechanical ongineers have alse had a good desl of experience
with motors and generasors. Although the applications for
equipment developed in precont projects canndt be revealed,

the specifications for some of these machines can be, few
cent design projects, thereleoyre, included the following:

i« 1/5 BuPe, 400 eycle, 3-phase motor {(Designed, built
and pmd%ced in small q%mﬁti@s. e ’

Zs A synchyonons generator, 5 kilowatt, 400 cycles.
3+  A.Cs pencrator, 50 watts, 1000 cyele.

he 1710 HJP., 400 cycles, 3-phase m@t@r‘, {Designed,
built and produced in small quantitiocs.).

5. Belf-poverning turbine generator for aircraft
applicationz. Produced 14,000 watts at a speed
of 14,060 rpm.

6., Permanent magnet fmotor for an clapsed time indicater

5/8% 0.Ds, 3/

B /8% long, operated on 30 milliamps at '
28 velts. |

7+ D0, permanent magnet stator motor for a military
tape recorder, 1~3/87 square, 7/32" thick, 800 wpm.

8, PRegulated torgque D.C. moter, permanent magnet field.
{U+8. Patent No. 2, 801,352 wes issued to the designer
of this particular machine.)}

Photographs of two generators we have designod and built
are found in the appendix. -

~ There have been other projects here in which rotating
electrical machinery was designed, and an even larger number
in which it has been used. The speeific examples mentioned
a'%vf@,. ‘howaver, should be indicative of our ebilities in
thig areas .
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SCHEDULING
SECTION. ¥

_ It is estimated that this project can be completesd
in ong year as {ollows: c

~ The first four months will be spent on preliminary
design and bresdboarding. During this period the various
design parameters, such as rotor speed, gesr train cone
seruction, nunbor of poles on the magnet, sigze of core,
etc. Will be juggled for optimum efficiency. The two
regulatorsg suggested esrlier in this proposal will be ,
breadbosrded and studisd from a performance and size stande
point. In brief, all necessary tests and calculations will
N - be made to determine all the design date needed for a pro-
- ducetion design. :

The second four months will be spent building the first
model. This phase will include making a detailed set of
drawings, building 2 model, testing the model, and making
revisions in it where necesgsary. This model will then be
given to the client.

Upon the acceptance of the first model by the client,
work will begin on phase thrée - the construction of nine
addisisnal generators. ‘This step %ill_iﬁﬂl&d@‘makigﬁ‘aﬁy
engineering changes requested by the c¢lient, The delivery
of these nine models, plus the required sets of drawings,
will complete the project. .

n
N T
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SPECIFICATION NO. 58-A-10T1-A

SPECIFICATION FOR THE
L o ' DEVELOPMENT OF A BATTERY CHARGING
'HANDCRANK GENERATOR, HG-3
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GENERAL . -

Scogg

This specification stipulates the performance of a battery-
charging hand-crank generator and presents electrical and
mechanical design characteristics that will aid in the de- |

" velopment and production of prototype models of this equipment.,

Description

The product shall consist of the generator, handcrank, all
electrical accessories (voltmeter, sockets, cable, clamps,
etc,) needed for operation, and universal mounting bracket
designed to permit secure attachment to table~top, body,
trees, and other possible bases. It shall be operable.by
one man, turning the crank at an average speed of 80 rpm, - The
output voltage shall increase with crank speed so that the
developed EMF (and subsequent rate of charge) shall depend
upon the cranking rate of the operator, the faster charging
rates naturally requiring more operator effort, A power
output of approximately 15 watts shall be obtainable,

}

Ndmenclature

The battery-charging hand-crank generator shall be designated
as the HG-3. _ _ S

QUALITY OF DESIGN AND FABRICATION

The electrical and méchanical design of the HG-3 shall ‘be
directed toward the development of a miniaturigzed quality:
product reflecting the highest possible degree of equipment:.
reliability when exposed to the normally rough handling en=
countered during field usage. ' B

JAN Specifications

The contractor shall utilize cbmponents; materials, and
fabrication procedures meeting JAN specifications, of the
issue in effect on the date of initiation of the contract,

* JAN Specification Waiver

“To accomplish the desired degree of miniaturization, the -
contractor may deem it necessary to utilize other than com-
nents, materials, and fabrication procedures meeting JAN
specification, In such instances, specific waivers may be

authorized by the Government but only after review by
Government engineers and prior to the submission of any pro-
totype models, e : :
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2.3,
2.3.1,

2;3.2.
©

2.3.3.

2,344,

,@ 2.3.5.

,203060

2.3.6010
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Non-Fungus Nutrient Materials

A1l materials used on the generator are to be non-nutrient
to fungi, If it is determined that non-nutrient materials
are not available and other materials must be used, a
waiver may be obtained as in section 2,1.1, Any nutrient
material shall be treated by a suitable fungi-resistant com-
pound after machining, or other work, but prlor to instal-
lation in any unit of the HG-3, :

Environmental Conditions

Operating Temperatures o L : '

f

The design considerations of the generator shall be such as
to preclude malfunctioning of the equipment wheh exposed to
operating temperatures of from -40°C to +50°C, '

Storage Temperature

The equipment shall be capable of being stored in temperatures
within the range of -60°C to +60°C without injurious effects.

Humidity and Salt Spray

Operation or storage in humid or corrosive atmospheres shall
not adversely affect the performance of the generator,

Waterproofing

The internal mechanism of the generator shall be suitably
sealed so that temporary immersion in water will neither
shorten its useful life nor impair the efficiency of opera-~
tion in any way. .

Shock Resistance

The HG=3 shall be of ruggedized construction, Normal shocks
and vibration resulting from rough handling and operation in
the field shall have noc injurious effects upon the mechanism,

Life

The generator shall withstand the life test outlined in
2.3.6.1, for 1000 hours without permanent damage.

Life Test

The generator shall be cycled for a period of . 1000 hours in
the following manner: (1) 30 minutes on, generatlng at full
capacity, and (2) 30 minutes off,

-2
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3.1,

3.2,

. 3.2010

3.2.1.1.

3.2.2,

3.2.3.
<;>

34204,

DESIGN CHARACTERISTICS

General

It is the intent of the Government to obtain a miniaturized
hand-crank generator for the specific purpose of quickly and
efficiently recharging secondary batteries, It is desired
that the finished product be as small and light as possible,
but in no case is ruggedness or ease of operation to be
sacrificed in attaining these ends, The design ingenuity of
the contractor is not to be restricted except in certain cases,
wherein the Government may specify preferred configurations,

»‘/S‘?
72 polki§sed

: T charging °% 25X1"
; ave «
o T baHeres

Output DC voltage of the generator shall be variable with

crank speed over the entire range needed to efficiently re-
charge 10 and ell Nickel-Cadmium batteries and 6 cell
Lead-Acid batteries, These generator voltages shall be
obtainable, while charging at a 1 ampere rate, at crank speeds
within a 60-100 rpm range. , ' '

Electrical Desi Cﬁaracteristics

Charging Vo;page-ﬁy

Véltage‘Whveform

The ratio of peak voltage to DC voltage shall be less than
1.5 under all operational conditions,

Charging Current ' /
y

 The HG-3 shall be capable of supplying charging currents up

to 1 ampere at all charging voltages,

‘Power Ouput and Regulation

A power output of approximately 15 watts shall be obtainable
throughout the charging operation, The electrical design of
the generator shall provide unregulated power up to this point,
Beyond this point, a regulating device shall act to prevent
power outputs in excess of the rated capacity of the generator,
Electronic rather than electro-mechanical components shall be
used in the power regulating system unless, after thorough
investigation by the contractor, it is found that utilization
of electro-mechanical units is necessary to assure an
efficient, dependable regulator, :

Intermittent Operation

Periodic cessations of cranking activity, for operator rest,
shall not prolong total actual charging time by allowing the
battery to discharge itself through the generator,

-3-
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Indication of Charging Rate and State;of—Change

A small, rugged dual-function meter shall be installed in an
easily observable location on the generator. A pushbutton
located adjacent to the meter shall be used to select the de-
sired function, The circuitry shall be such that while the
button is depressed, the meter will indicate terminal voltage
of the battery being charged, When the button is released,
‘the meter shall indicate magnitude of the charging current,

Connectors

For electrical connectlons, a flexible cable shall be supplied

with each generator, The cable shall have clips on one end,
suitable for attachment to the battery terminals, The other
end shall have provision for plugging directly into the genera-
tor. Length of the cable shall be 5 feet,

Mecnan1cal Design Characterlatlcs

4
I
i

External Dimensions andvAppearance

Shape -
- Considerations affecting the ultimate shape of the HG-3 shall
be: :
(1) Maximum miniaturization
(2) Maximum efficiency
(3) Ease of operation ‘ :
(4) Ease of mounting for operation
(5) Convenience of packaging for transport
Size

Overall external dimensions shall be no more than 8" in length,
4" in height, and 2" in width,

Weight
The HG-3 shall weigh no more than 8 pounds,

Color

The color of the HG-3 shall be a non-reflective dull black,

Crank Design
The crank of the HG-3 shall be eaaily operable at the generating

speeds of 60-100 rpm, It shall fit into a standard 3/8" square _

socket on the generator chassis, and shall be removable to

- allow efficient packaging of tne generator when not in use,

Adaptors to be used for mechanically coupling the generator to
such driving power sources as lathes or drill- presses shall
also be recelved by the crank socket,

!
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Drive Mechanism

The mechanism employed to translate the crank speed of the
generator to a suitable rotor speed shall be decided jointly
by the contractor and the Government project engineer
following a proper investigation of the available methods such
as Ball Friction drive, Spiroid Gear drive, Planetary Gear
drive, and Ring Gear drive, Design considerations shall be:

‘ (l) Ruggedness

(2) 1long operational life , 6ﬁW5 \§'
(3) Noise-free operation Q0 J‘%
(z.g Maximm miniaturization o T
(5) Mechanical efficiency 0’6 Wowe
L
"Radiated Noise : o I\%

‘Electromagnetic noise radiation shall be minimized, When
‘generating 15 watts of charging power, the HG-3 shall be un-
.detectable at a distance of 10 feet by a radio receiver with

a 10 microvolt sensitivity and .5 me to 30 me frequency
coverage.

g A A A A W s

-“”Acoustlc Nbise , N

" —
s e

N Acoustic Noise Test h m“"”“””“w“”f““ﬂ/

Audible noise of the HG-3 shall be held to a minimum, The
acoustic noise produced by the generator when cranked at a 15-
watt charging rate shall be less than a sound level of 50 db
when measured as specifled in 3 3 5 1. _

T et
NI b At ety

The acoustic noise due to operation of the generator shall
be measured with a sound level meter (type 759-B as manu-
factured by General Radio Company, or equal) with 40 db
weighting, in a room having an ambient noise level of not
more than 4O db,. .

Reference Level, O db=10‘16 watts (acoustlc) per sq. cm,
Noise measurements shall be made at a distance of 3 feet from

~the top front edge of the generator to the center of the sound
1eve1 meter microphone,

" Temperature Rise During Opgration

Temperature rise of the generator during prolonged opsration
at rated capacity output shall not be of such a magnitude as
might have injurious effects upon components of the generator.




1
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3.3.7, Mounting

The HG-3 shall have provision for secure mounting on such
possible bases as a tree, table, post, or body. '
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ATTACHMENT "A"

-DELIVERABIE ITEIS:

) ' Ttem 1 Prototype Model, HG-3, complete with accessories 10 each
§ . - One model shall be delivered for Government
3 j inspection of design and construction. Fabrication
| - o ‘of the remaining 9 models shall commence upon
approval .of model #1, :

Item 2 Engineering Drawings

: Reproducible Master set, complete A -1 each
5 Copies, set, complete 2 each
f . v .
! ~ Ttem 3 - Bi-monthly Engineering Progress Reports , ' 5 each
| <:> ‘ c These reports shall contain complete data concerning

> - mechanical and electrical design progress of the

thereof shall be outlined, Diagrams, sketches and
photographs may be included as desired for clarity
. of description, '

\ : . HG-3, ALl experlments and tests and the results

Ttem 4 Final Engineering Report -+ 10 each
. Prior to or with the deliverr of Item 1 above, a : |
final englneerlng report shall be submitted which
‘summarizes the conclusions reported in each of the
bi-monthly reports., Final test data and descrip-
tions of the electrical and mechanical operatlon
shall also be included,

P

i y Declassified in Part - Sanitized Copy Approved for Release 2012/09/11 CIA-RDP78-03424A001400051001.0-2.‘



i e

Declassified in Part - Sanitized Copy Approved for Release 2012/09/11 : CIA-RDP78-03424A001400050010-2

Ay e

Declassified in Part - Sanitized Copy Approved for Release 2012/09/11 : CIA-RDP78-03424A001400050010-2 ~ -~




B . - i~ .’13 ~ }
Declassified in Part - Sanitized Copy Approved for Release 2012/09/11 : CIA-RDP78-03424A001400050010-2

- - - Declassified in Part - Sanitized Copy Approved for Release 2012/09/11 : CIA-RDP78-03424A001400050010-2

& A ”]TT'T‘T']T Wi
A R 1 ' 5 3 STANLEY4 ————— Ho. 10L —
Lt et b hidu o |J.L|I,I|llllllhllllhhl!lllll( bty




